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AND HYPOXIA ON 

OF THE EFFECT OF GRAVITATIONAL STRESS 
OXYGEN TE2JSION I N  BFWN TISSUES 

'"$B 

B .M . Savin" 

It i s  su f f i c i en t ly  known from literature, t h a t  g-forces 

cause marked shifts i n  t h e  funct ional  state of t h e  cen t r a l  

nervous system, usually associated with t h e  phenomena of 

acute  hypoxia caused by disorders of cerebral  c i rcu la t ion .  

Here, the  authors came t o  the opinion, t h a t  hypoxia i s  

one of t he  f ac to r s  i n  t h e  pathogenesis of disorders  caused 

by accelerations.  For experimental purposes, r abb i t s  and 

c a t s  were exposed t o  various g rav i t a t iona l  stresses and 

t h e  pOz was measured. The results are given. 

A number of authors (Bibl.1 - 3 ,  11) have establ ished t h a t  g-forces cause 

marked shifts i n  the  funct ional  state of t h e  cen t r a l  nervous system which most 

researchers associate  with t h e  phenomena of acute hypofia caused by disorders  

of cerebra l  c i rcu la t ion  (Bibl.10, 17, 20, 25). 

T h i s  point  of v iew contradicts  not only exper:-mental data  on t h e  pecul iar i -  

t ies  of t h e  occurrence of cerebral  hypoxia (Bibl.7, 9, 15, a, 25) and t h e  pos- 

sibilities of re ta in ing  constant cerebral  c i r cu la t ion  upon pronounced hemo- 

dynamic disturbances (Bibl.2, 8, 23), but a l so  t h e  results of d i r e c t  investiga- 

t i o n s  of cerebral  c i rcu la t ion  during the e f f ec t  of g-forces (Bibl.13, a, 19- 

22). Determinations of t h e  oxygen content i n  t h e  b ra in  t i s s u e s  by t h e  polaro- 

35 S.M.Kirov Academy of Mil i tary Medicine, Leningrad. 

Numbers i n  t h e  margin ind ica te  pagination i n  t h e  o r ig ina l  foreign text. 
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graphic method (Bibl.12, 16) would help t o  answer this question, however such 

inves t iga t ions  are sporadic. 

t i z e d  cats ,  t h a t  a t  average g-forces (precisely what, t h e  author does not indi-  

ca te )  i n  a head-pelvis direct ion,  p 0 ~  i n  t h e  surface l aye r s  of t h e  bra in  

appreciably decreases (Bibl.18). Somewhat d i f f e ren t  results are obtained by 

o ther  researchers (Bibl.4 - 6) It was demonstrated i n  chronic experiments on 

dogs, t h a t  a decrease i n  t h e  p02 i n  brain t i s sues  occurs only at forces  g rea t e r  

than 4 g. 

creases. 

have concluded t h a t  hypoxia i s  "one of t h e  basic  f a c t o r s  i n  t h e  pathogenesis 

of disorders  caused by accelerations". 

It has been established i n  experiments on narco- 

A t  lower values of stress, t h e  p02 i n  brain t i s sues  even somewhat in- 

A s  a result of invest igat ions t h a t  have been carr ied out, t h e  authors 

The present inves t iga t ion  i s  devoted t o  re f in ing  t h e  problem of t h e  spe- 

c i f i c  s ignif icance of hypoxia i n  t h e  mechanism of central-nervous system dis- 

orders under grav i ta t iona l  stresses and t o  e l i c i t  t he  e f f ec t  of repeated 

g-forces on t h e  p02 i n  b ra in  t i s sues .  

Method 

Chronic experiments were staged on c a t s  and rabbi t s .  The oyygen tension 

i n  t h e  bra in  t i s s u e s  was determined polarographically (Bibl.12, 16) at  a po- 

t e n t i a l  difference of 0.65 v. 

e lectrodes 0 . 4  mn i n  diameter, which were implanted by means of a s te reo tax ic  

apparatus i n t o  various divis ions of t h e  b ra in  5 - 7 days before s t a r t i n g  t h e  

experiment. The anode was a &cm2 s i l v e r  chloride electrode, clamped t o  t h e  

in s ide  surface of t h e  ear. 

graph produced by t h e  Kipp Campany (Holland). 

A s  t h e  cathode, we used s ta t ionary  platinum 

Diffusion currents  were recorded by a VD-I micro- 

Accelerations were produced by a centr i fuge with a radius  of 2 m. I n  
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t h e  experiments on ca t s  we investigated t h e  e f fec t  of accelerat ions from 2 t o  

23 g (head-pelvis direct ion)  and from 2 t o  10 g (pelvis-head direct ion) .  

t h e  experiments on the  rabbi ts ,  t h e  magnitude of t h e  g-forces was varied, re- 

spectively,  from 2 t o  12  and from 2 t o  5 g.  

1 t o  1.5 min.  To eliminate l o c a l  s t resses ,  the  animals were placed i n  spec ia l  

containers, t h e  shape of which conformed t o  t h e i r  body. 

t h e  container were l ined  with a layer  of foam p l a s t i c .  

I n  

The durat ion of the  forces  was /20 

The ins ide  walls of 

The degree of hypoAa was estimated on t h e  bas i s  of a l t i t u d e  samples, i.e., 

t h e  animals were "raised" i n  a pressure chamber t o  a "height" of 6000 and 

10,000 m ( ca t s )  and 5000 and 8000 m (rabbi ts) .  

The "rise" and "descent" were accomplished at  an average speed of 50 m/sec. 

The t i m e  t ha t  t h e  animals stayed a t  t h e  ''heightg' of 5 and 6 km was 1.5 t o  3 min 

and at  a "height" of 8 and 10 km, less than  l m i n .  

one f a c t o r  on t h e  other, t he  "rise" t o  t h e  "height" i n  some experiments was 

accomplished before, and i n  others, after t h e  e f f e c t  of t h e  g-forces. 

To eliminate t h e  e f f ec t  of 

Respiration, EKG, and i n  some experiments t h e  EEG, were recorded t o  judge 

t h e  degree of tolerance t o  grav i ta t iona l  stresses. 

were set up on four  c a t s  and eleven rabbits.  

were subjected 3 - 10 times t o  t h e  effect  of t h e  stresses. 

A t o t a l  of 37 experiments 

I n  each experiment t h e  animals 

Results 

No fundamental differences were noted i n  t h e  p a t t e r n  of t h e  changes i n  p02 

i n  t he  b ra in  t i s sues  of c a t s  and rabbi ts  under t h e  e f f e c t  of grav i ta t iona l  

stresses. A t  t h e  same time i t  was established t h a t  f o r  r abb i t s  t h e  shifts of 

p02 occur a t  somewhat lower g-forces than f o r  ca ts .  

were noted i n  t h e  changes of p02 i n  the b ra in  t i s s u e s  of c a t s  and r abb i t s  when 

No subs tan t ia l  differences 
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they  were "elevated" . 
Thus, t h e  oxygen tension i n  brain t i s s u e s  changed d i f f e ren t ly  depending 

upon t h e  magnitude, direction, and the  currents  of t h e  e f f ec t  of t h e  g-forces, 

and t h e  experimental data  were analyzed from t h e  point of v i e w  of t h e  e f f e c t  of 

each of these indices.  

Fig.1 
i n  the  Brain Tissues of a Cat. 

A - Change of t h e  pOz i n  the  region of t h e  superior 
c o l l i c u l i  of t h e  corpora guadrigernina a t  a stress of 
3.9 g i n  t h e  head-pelvis direct ion;  B - A t  a stress 
of 9.6 g; C - Upon "elevation" t o  6000 m. Here and 
i n  Figs.2 and 3 ,  t h e  p02 is  p lo t t ed  on t h e  y-axis i n  
relative units; t h e  time of the  e f f ec t  i s  p lo t t ed  on 
t h e  x-axis. 
period of t h e  g-force, t h e  nuneral above it indica tes  
the magnitude of t h e  l a t t e r ;  i n  t h e  experiments with 
"elevation" of t h e  animals, t h e  "height" i s  p lo t t ed  

Effect of t h e  Magnitude of g-Forces on the  p02 

The heavy l i n e  denotes t h e  "platform" 

on t h e  x-axis i n  kilometers. 

A t  g rav i ta t iona l  stresses i n  t h e  head-pelvis d i r ec t ion  from 1.5 t o  3.5 g, 

t h e  p02 i n  the  brain t i s sues  usually somewhat increased a t  t h e  start of t h e  

stress o r  remained at t h e  in i t ia l  l e v e l  ( F i g e l ) *  

A t  l a rge r  stresses, from 5 t o  7 g (cats) and from 4.5 t o  5.5 g ( r abb i t s ) ,  

t h e  p02 i n  t h e  bra in  t i s sues  a t  first a l so  somewhat increased a t  t h e  start of 

t h e  e f f ec t ,  but later, after 15  - 30 sec, it dropped e i t h e r  t o  t h e  in i t ia l  value 

o r  became even somewhat lower than it, remaining, however, within limits of t h e  
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Stresses in.& 
. pelvis direction 

1.5 - 5.5.g ...... 
- 18 g ....... 

Stresses i n  pdvis-  
head direction, 
3 - 5 g ......... 

6.0 - 10 g' ...... 

With "elevation" t o  

5000 ......... 
8Ooo ......... 

"height" (in m) 

, u>,OOo ........ 

physiological  norm. 

Gravi ta t ional  stresses from 8 t o  I 2  g ( ca t s )  and from 6 t o  9 g ( rabbi t s )  

l ed  t o  a noticeable drop of t h e  p02 i n  bra in  t i s sues ,  both i n  t h e  cortex and 

8.01 
Q.01 
a.01 

0.01 

a .01 
a -01 
<o -01 

i n  t h e  subcort ical  s t ructures .  

and durat ion of t h e  e f f ec t  of acceleration. 

poss ib le  t o  e s t ab l i sh  any rigorous dependence between t h e  magnitude of t h e  

g-force and t h e  p02 i n  t h e  b ra in  tissues. 

The drop was greater ,  t h e  grea te r  t h e  magnitude 

/21 A t  t h e  same time, it was not 

w.01 
4 . 8  
<0.01 

q.01 

TABU3 

COMPARATIVE ESTIMATE OF THE CHANGES OF THE p02 IN BRAIN 
TISSUES UNDER THE EFFECT OF g-FORCES AND I N  THE 

PRESENCE OF ACUTE HYPOXIA" 

Number 0: 

Animals 

ll 
ll 
8 

7 

ll 
ll 
8 

lumber of 
)e tedna-  

tions . _  

26 uc 
8 .  

9 

17 
12 

8 

P ( in  Comparison with 
M "Rise" to  "Height") 

In Comparison with the 5000 m 
. Initial State ( i n  %) I 
I 

35 The p02 value i n  t h e  ini t ia l  state was taken as 100. 

10,OOO m 

v) 001 

-3.1 

The a l t i t u d e  tests showed, t h a t  during t h e  e f f ec t  of g rav i t a t iona l  stresses 

t h e  p02 i n  the  bra in  t i s s u e  of t he  animal remained higher than when t h e  animal 

was  "raised" t o  a height of 5000 m. A more pronounced drop of t h e  p02 (corre- 
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sponding t o  e levat ion t o  a height of 8000 - 10,000 m) was observed only when 

t h e  cats were subjected t o  forces  from 16 t o  23 g and t h e  rabbi t s  t o  & - 18 g 

(see Table). A t  such gravi ta t iona l  stresses, pronounced disorders  i n  the  

cardiac a c t i v i t y  and i n  t h e  ex terna l  respirat ion occurred i n  the  animals. 

Fig.2 Effect of t h e  Direction of g-Forces on t h e  pOz Change 

A - Change of t h e  p02 i n  the  region of t h e  r e t i c u l a r  forma- 
t i o n  of t h e  tegmentum at a stress of 7.8 g i n  the head-pelvis 
direct ion;  B - A t  a s t r e s s  of 5.6 g i n  t h e  pelvis-head direc- 

i n  Brain Tissues  of t h e  Rabbit. 

t i on ;  C - Upon ttelevationtt t o  a "height" of 10,000 m. 

A completely d i f fe ren t  character of t h e  changes of t h e  p02 i n  bra in  t i s sues  

was noted when t h e  g-forces were i n  a pelvis-head d i r ec t ion  (see Fig.2 and 

Table). Even comparatively small g-forces caused a quite pronounced drop of 

t h e  p 0 ~ .  Unlike grav i ta t iona l  s t resses  i n  the head-pelvis direct ion,  with 

forces  act ing i n  the  pelvis-head direction, t h e  curve of t h e  change of t h e  p02 

dropped almost ve r t i ca l ly .  A comparison with t h e  data  of t h e  a l t i t u d e  tests 

showed t h a t  t h e  p02 i n  the  brain tissue dropped i n  this case t o  a l e v e l  corre- 

sponding t o  a s t ay  a t  an a l t i t u d e  of 8000 - 10,000 m. Substant ia l  differences 

i n  the  pOz changes under the  e f f ec t  of forces  i n  the  pelvis-head d i rec t ion  were 

6 



observed a l so  i n  t h e  immediate a f t e re f f ec t  period. 

i n  t h e  head-pelvis d i r ec t ion  (average values), t h e  res tora t ion  of p02 i n  the  

b ra in  t i s s u e s  began immediately a f t e r  t he  e f f ec t  ended and had a smooth char- /22 
ac te r .  This occurred d i f f e ren t ly  when t h e  forces  acted i n  t h e  pelvis-head 

Whereas with g-forces act ing 

d i r e c t  i o n  . ao - 
A -  

70 - 
I 

1 70 

6.5 46 - 

.7 6 70 

70 

60- 

- 
H 

> 
30 sec  . 0 2 4 5  

Fig.3 

A - E, G - Change of p02 i n  the  region of t h e  geniculate 
bodies a t  stresses of 3.6 g i n  a head-pelvis direct ion;  
F - A t  6.7 g; H - Upon "elevationrt t o  a "height" of 5OOO m. 

Effect of Repeated Exposures t o  g-Forces on the  pOz 
i n  Brain Tissues of t h e  Rabbits. 

Depending on t h e  magnitude of t he  stress, w e  noted two var ian ts  of t h e  

res tora t ion  of t h e  o r ig ina l  level of p02; i n  some cases it occurred extremely 

7 



slowly ani, stepwise, anc i n  o ther  cases it ensued only after a phase of an 

appreciable increase of oxygen tension. 

of t h e  cardiovascular system (based on t h e  EKG data)  d id  not subs tan t ia l ly  

change during t h e  e n t i r e  indicated period. 

nervous system, after t h e  e f f ec t  of the g-forces, was i n  a state of marked 

inh ib i t ion ,  immediately after t h e  end of t he  phase of a high p02 began t o  respond 

t o  s t imul i  (pricking, puffing, etc.). 

of t h e  animal occurred simultaneously with a decrease of t h e  p02 i n  t h e  bra in  ,& 
t i s sue .  The first var iant  of res tora t ion  was observed i n  the  case of t h e  e f f ec t  

of small g-forces and t h e  second a t  t h e  m a x i m a l l y  t o l e rab le  forces  o r  after t h e  

repeated e f f ec t  of t h e  forces.  

M e r n a l  resp i ra t ion  and t h e  a c t i v i t y  

The a n i m a l  i t se l f  whose cen t r a l  

Thus, t h e  r e s to ra t ion  of t h e  a c t i v i t y  

Ehperiments with t h e  repeated e f fec t  of t h e  g rav i t a t iona l  stresses enabled 

us t o  e s t ab l i sh  t h a t  t he  p02 i n  brain t i s sues  does not remain a t  t h e  same level 

even i f  t h e  magnitude of t h e  g-forces does not change. The changes of t h e  p02 

were especial ly  pronounced when t h e  forces approached t h e  maximally to le rab le .  

Figure 3 shows the  data  of one of t h e  experiments i n  which t h e  animal was sub- 

jected 7 times t o  t h e  e f f ec t  of g-forces i n  45 min. 

except t h e  6th, was 3.6 g. 

changed with each subsequent e f f ec t  somewhat d i f f e ren t ly  than with t h e  preceding 

one. The most expressed shifts of pOz were observed after t h e  6 th  grav i ta t iona l  

stress, which caused a unique "detachment" of t h e  compensation mechanisms. A s  

a result of this, during t h e  7th exposure t o  g-forces ( a l s o  3.6 g), t h e  p02 i n  

t h e  bra in  t i s s u e  dropped almost t o  the  same l e v e l  as during t h e  e f f ec t  of t h e  

6 th  exposure. 

tude test  t h a t  i n  this case t h e  p02 i n  t h e  bra in  t i s s u e s  remained a t  a higher 

level than with 'qrise" t o  a I'heightl' of 5000 m. 

The value of a l l  forces,  

A s  we see from Fig.3, t h e  p02 i n  t h e  bra in  t i s s u e  

However, we see from the comparison with t h e  result of t h e  a l t i -  
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